The distributions and concentrations of extractable fatty acids (FAs) and alcohols (FALs) in surface sediments of the Imo River were determined to estimate the relative proportion of terrigenous and autochthonous fractions of organic matter (OM) input to the river. The range of total organic carbon (TOC) content (2.10-4.58%) is typical for coastal environments and comparable to those of other river systems within the Niger Delta region. This may be a reflection of the sheltered basin morphology and high energy conditions of the river, characterized by overwhelming sand fraction. The contribution from terrestrial vegetation appears to predominate the distribution of FAs (21.17-75.16%) and alcohols (38.7-81.7%), in contrast to many aquatic sediments whose distributions are either phytoplankton or bacteria dominated. This may be linked to the relatively shallow water depth, oxic and refractory nature of the sedimentary organic carbon of the area as well as proximity of most sampling points to terrigenous source. Utilization of ratios confirmed this pattern and indicated that the OM deposited at the time of sampling was not fresh. The dominance of 19:0 acids in some samples is associated to an input from a certain consortium of bacteria with a different physiological structure inhabiting petroleum contaminated environment.
Introduction
Rivers are an important interface between the continents and oceans since they are involved in the delivery a key flux of organic compounds (autochthonous and allouchthonous) to the ocean, rapidly depositing them on shelves and margins (Saliot, Laureillard, Scribe, & Sicre, 2001 ). Lipid classes have been used as molecular markers for understanding the origin and reactivity of organic matter (OM) and for tracing fluxes transferred between drainage basins, tributaries, rivers and their estuaries (Camacho-Ibar, Aveztau-Alczar, & Carriquity, 2003; Oyo-Ita, Ekpo, Oros, & Simoneit, 2010) .
Several studies of the OM composition of tropical rivers have shown that much of the transported material is predominantly derived from highly degraded soil material (Ittekkot, 1988) . Therefore, tracing OM sources in sediments has received considerable attention due to the importance of understanding OM cycling in the aquatic environment (Jaffe, Rushdi, Medeiros, & Simoneit, 2006) .
Besides being the primary membrane and energy storage in planktons, fatty acids (FAs) play important role in source characterization of OM in sediment (Aboul-Kassim & Simoneit, 1996; Fahl & Stein, 1999; Al-mutlaq, Standley, & Simoneit, 2008) , in hormone production (Irigoien, 2004) , cell-cell signalling (Vardi et al., 2008) , and chemical defence (Miralto et al., 1999) . However, their utility as quantitative tracers of the different organic carbon sources is complicated by many factors: ambiguities in organic matter source are common due to the fact that individual FAs may differ in their diagenetic susceptibility during particle settlement through the water column (Wakeham, 1999; Mudge, 2005) . Other factors that affect individual FAs include water temperature (Fileman, Pond, Barlow, & Mantoura, 1998) , dissolved oxygen concentration (Harvey & Marko, 1997) and degree of sorption onto mineral matrices (Nissemann & Schubert, 2006) .
The role played by fatty alcohols (FALs) in evaluating aquatic sediments is sparse compared to FAs and sterols (Humrawali et al., 2009) . Despite their usefulness, less attention has been paid to FALs as biomarkers on the basis of their source specificity. Also, detailed studies of their spatial distribution in tropical rivers are not numerous. Generally, application of lipid biomarkers in Sub-Saharan tropical coastal environments including
Materials and Methods

Study Area
Imo River is one of the tributaries of the Nigerian SE rivers (Figure 1 ). It originates from the hill region of Imo State and flows through several towns, villages and farmland and empties directly into the Bight of Bonny which then flows into the Atlantic ocean. The river lies between 5 o 55'N and 7 o 1'E. It is shallow, with the depth ranging from 1.0 to 18.0 m at flood tide and about 12.0 m maximum at ebb tide. The study area belongs to the low lying coastal deltaic plain of south eastern Nigeria; the terrain is virtually flat or gently undulating, sloping generally towards the Atlantic (Ezeayim & Okereke, 1996) . Because of this, part of the study area is generally flooded, particularly during the wet season, giving rise to greater in-wash of terrigenous materials to the river during this period. The entire river appears cloudy (except at congruence with other tributaries) as a result of the high suspended sediment load due to rapid weathering. These suspended particles may heat-raise the water temperature as well as increase sunlight absorption that is capable of causing reduced oxygen content in the river. These problems may limit growth of phytoplanktons as light penetration is also hindered. A combination of heavy rain and intense sunshine coupled with adequate soil nutrients generates a thick vegetation cover in the study area, the region supporting a dense angiosperm forest (Adefolalu, 1981) . An important vegetation input to the river consists of floating grass on the shoreline which often forms large floating mats and mangrove. However, there are a few industries (e.g. Afam power staion) aligned near part of the riverbank and the prevalence of illegal oil refinery and bunkering activity resulting in spillage in the upper river. Geologically, the study area belongs to the southeast part of the Cretaceous and Tertiary sedimentary basin of the southern Niger Delta (Ezeayim & Okereke, 1996) . www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 2, No. 4; 
Sample Collection
A total of ten sediment samples covering ca. 90 km of the river were collected. These samples were selected to not only take advantage of a high biomass content such as from mangrove materials but also to minimise input from marine source as the sediments were not under direct tidal influence.
The river was divided into three zones (I, II and III) depending on the characteristic features of the environment (Table 1 ; Figure 1 ). Each zone afforded three samples. Samples collected from the lower river were not seriously affected by tide and salinity since they were obtained at about 15 km from the mouth of the river. Samples were collected using a van-Veen grab sampler, freeze-dried and sieved to obtain different particle size fractions. In order to ensure homogeneity in particle size, each sample was a composite of three from different assessment points. Samples from zone I (IS1, IS2, and IS3) were taken near a residential area (lower river); zone II samples (IS4, IS5, and IS6) were collected near a fish settlement (middle river) while zone III samples (IS7, IS8 and IS9) were taken near an industrial area (upper river). A distal sample was also collected upstream from a remote area (IS10; Table 1 ). All samples were stored in a freezer until analysis. 
Analysis/Detection of FAs and FALs in Sediments
Chromatographic grade n-hexane and iso-octane were used.
Bis (trimethylsilyl)trifluoroacetamide (BSTFA-Merck, Germany), neutral silica gel (70-230 mesh,Merck) and alumina (70-230 mesh-Merck) were extracted with (2:1, v/v) dichloromethane (DCM)-MeOH in a soxhlet apparatus for 24 h. After solvent evaporation, the silica and alumina were heated for 12 h at 120℃ and 350℃, respectively. 5% Milli-Q-grade water was then added to the adsorbents to deactivate them.
Samples were homogenized with mortar and pestle and spiked with C13:1 FA and 5α-(H)-cholestan-3-β-ol as surrogates prior to extraction (3x) with MeOH, DCM and n-hexane using ultrasonic agitation. The extract was saponified with 30 ml KOH (6%) in MeOH and the neutral components recovered by extraction with 3 x 30 ml n-hexane. The alkaline mixture was acidified to pH 2 with 5 ml HCl and the acidic compounds recovered by extraction with 3 x 30 ml n-hexane. The neutral compounds were fractionated on a column filled with silica (8 g, bottom) and alumina (8 g, top) . Four fractions were obtained by successive elution with 40 ml n-hexane/DCM (8:2), 40ml n-hexane/DCM (1:3), 20 ml DCM/MeOH (95:5) and 40 ml DCM/MeOH (9:1) (Garcia et al., 2004) . The two most polar fractions were silylated (1h, 60℃) after dissolution in 100 μl DCM and addition of 100μl BSTFA. The FA fraction was methylated using CH 2 N 2 synthesized from Diazald (Aldrich,USA) as described elsewhere (Vogel, 1978) .The fractions were dissolved in 100μl n-hexane, cooled in ice and the distilled solution of CH 2 N 2 was added in small portions until gas evolution ceased and the yellowish colour remained.
Samples were analysed using gas chromatography (GC: Varian star 3400) with flame ionization detection (FID). A 30 m column (0.25 mm id) coated with DB-5(0.25μm film thickness; J & W Scientific, USA) was used.
Hydrogen was used as carrier gas. The oven temperature programme was 70℃ (1 min), to 140℃ at 10℃ /min, then to 310℃ (held 30 min). The detector temperature was 330 ˚C. GC-mass spectrometry (GC-MS) were performed with a Fisons MD-800 quadrupole mass analyzer (THERMO Instruments, Manchester, UK.). Samples were injected in splitless mode at 300℃ onto a 30m column (0.25 mm i.d.) coated with DB-5 (0.25 μm film thickness). Helium was the carrier gas. The temperature programme was as above. Mass spectra were recorded in the electron ionization mode at 70 eV by scanning (1s) over between m/z 50 and 650. Ion source and transfer line were at 300 ˚C. Data were acquired by means of a Perkin Elmer Nelson 900 interface connected to a PS-2 computer programme with the Nelson data treatment software. The software was used for quantification with reference to external standards of C-13:1 FA methyl ester (FAME) (for acids) and 5α-(H)-cholestan-3-β-ol (for alcohols).
Samples and standards were repeatedly injected until less than 5% depression was observed in the integrated area. FAs and FALs were identified by comparism of their retention times with those of the standards. The identity was confirmed by way of GC-MS.
Results and Discussion
TOC Content of Sediments
Sample locations, characteristic features of the environment and results of total organic carbon (TOC) content, extractable organic matter (EOM), salinity, turbidity and grain size distribution for the study area are presented in Table 1 . EOM were in the range 200-3000 mg/kg dry weight (dw) minimising at station IR10 with a maximum value found at IR4. Salinity of the overlying water ranged from non-detection level in samples obtained from both the middle and upper portions of the river to 0.14 in lower river samples. The upper river (e.g. IR8) exhibited the highest turbidity value of 122 ntu and a minimum value of 23 ntu was found for the remote upstream station IR10.
TOC content for the sediments ranged from 2.10 to 4.58% with a mean value of 3.28. The highest TOC content was measured at station IS5 followed by station IS6 (4.34%) with the lowest value recorded at station IS10 located in a remote upstream area. Input of terrestrial OM to the aquatic environment is directly affected by the role of river current in the transport of compounds produced by terrestrial plants (Shi, Sun, Molina, Hodson, 2006) . This phenomenon may explain the observed high TOC value measured at station IS6 (near shoreline) and most likely reflects a combination of transport of terrestrial OM by river current during flood episodes accompanying intense rainfall events and autochthonous production. Contribution of phytoplankton to TOC content in our samples is expected to be low due to the high suspended particulate matter in the river water which limits light penetration through the water column, thus reducing photosynthetic process with its accompanied drop in primary production.
Grain size distribution of the sediment also plays an important role in determining TOC. For instance, fine-grained sediments are reported to adsorb OM more than coarse sandy types with larger grain size (Hyun et www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 2, No. 4; al., 2002 . The surface sediments covering the area under study are composed mainly of terrigeneous material consisting of predominantly sandy fraction (Table 1) probably because of the sheltered basin morphology and apparently high energy current conditions. The average proportion of sand was rather high at stations toward the upper portion of the river (88.23%) and the remote upstream location (80.10%). The lower and middle samples had a mean proportion of sand of 60% and 53%, respectively. These coarse-grained samples correspond to the relief deposits formed under the more shallow high energy condition characteristics of the river, The TOC content of the sediments is typical of a coastal environment exhibiting high TOC contents for samples with high proportion of clay/silt fraction, whereas samples with high proportion of sandy fraction exhibited low TOC.
Comparing data with those for other aquatic sedimentary environments, the TOC values for the sediment are comparable to those for the Cross river system (ca.1.27-4.56%) in the south-south geopolitical region of the Niger Delta (Oyo-ita et al., 2010a) . This indicates that similar environmental and biogeochemical conditions are prevalent in the two river systems. Unlu and Alpar (2006) reported a lower TOC content (ca. 0.07-3.05 %) in surface sediments from Germlik Bay, Turkey where higher TOC values were observed in sediments from a deep trough area than those from shallow areas. Furthermore, much lower TOC content of range 0.32-0.95% was reported for Yangste River with comparable water depth to that of the study area, highlighting the importance of water depth as a factor that determines organic carbon accumulation in aquatic sediments. In addition, variation in the quality and quantity of OM input has been attributed to the varied TOC contents of coastal sediment from Egypt (ca. 1.0-9.1%; Aboul- Kassim & Simoneit, 1996) and surface sediments from Pulau, Tinggi, Malaysia (ca. 2-13%; Humrawadi, 2009).
Fatty Acid Distributions and Sources in Sediments
The total FA (TFA) concentrations were in the range 1223-4460 ng/g dw (Table 2 ) lower than the values for the top section of cores from the lake Kivu, East African rift valley (most likely due to the anoxic condition of the water column and greater primary productivity; Al-mutlaq et al., 2008) , and are slightly higher than that found for sediment with shallow water depth of about 55 m (deeper than our case study) from the coastal zone of Ras Abu el-Darag, Gulf of Suez (probably a result of relatively reduced degradation efficiency in the Imo river water column). This later scenario is in agreement with numerous studies which provide evidence that shallow water depths (< 50 m) favour high TFA concentrations in surface sediments (Nissemann & Schubert, 2006; Rushdi et al., 2009 ). The TFA concentrations relative to EOM ranged between 1.3% and 16.2% with a mean value of 4.19% and maximizing in sample IS8 collected near an industrial/sparse vegetation area (zone III). This high relative TFA value at this station may reflect a relatively high bacterial input to the station. Generally, the abundances of the 26 FAs showing strong even/odd numbered predominance, and ranging from C 14 to C 39 were C19 (1.73-40.88%), C16 (1.94-13.8%), C24 (1.88-13.23%) and C26 (1.88-15.42%). The least abundant acid was i18:0 (0.45-0.52%). These distributions are indicative of input of terrestrial, phytoplanktonic and bacterial lipid residues.
Many previous studies of aquatic surface sediments show that FAs are non-specific in terms of their source assignment (Camachor-Ibar et al., 2003; Al-Mitlaq et al., 2008) . Despite this drawback some of the FAs could, however, still be assigned to dominant sources.
Phytoplanktonic Origin of FAs
Phytoplankton and zooplankton are in particular the most important sources of monounsaturated FAs, and polyunsaturated FAs (PUFAs) with 20 and 22 carbon atoms (Parrish, Abrajano, Budge, Helleur, & Hudson, 2000; Zimmerman & Canuel, 2001) . In most phytoplanktons, the compositions of unsaturated FA are more abundant than their saturated counterparts except for the population of cyanophyceae (Lauther, Henri, Fibert, & Jean, 1993) . And in most cases the values of the total unsaturated FA to the total saturated FA (U/S) lies between 1.07 and 1.97 where the cyanophyceae are not the majority. Our results showed U/S values < 0.5 for the entire samples, suggesting minor contribution of phytoplankton to the total fatty acid content (Table 2) .
At the level of monounsaturated FA, C 16:1 and C 18:1 clearly predominate the other monoenes in most phytoplankton, particularly where Bacillaryophyceae population is poorly represented (Lauther et al., 1993) . Claustre, Marty, Cassiani, Dagaut, (1988) proposed that a diatom source in aquatic sediments may be determined by way of the 16:1/16:0 FA ratio and the sum of all FAs having 16 carbon atoms to the sum of all FAs having 18 carbon atoms (ΣC16/ΣC18). These authors postulated that increased values of these ratios represent increased proportions of diatoms. In our samples, detection of 16:1ω7 in low levels and non-detection of C20 and C22 PUFAs reduce the likelihood of a major FA contribution from certain phytoplanktonic origin. This assertion is supported by the low values of ΣC16 / ΣC18 and 16:1/16:0 (< 1) ratios for most of the samples set (Table 2) , highlighting relatively minor contribution of phytoplankton and diatoms to the OM flux in the river. However, the non-detection of PUFAs does not preclude the existence of certain population of phytoplankton in the river as the entire sediment is predominated by C16 FA (Figure 2a ) usually assigned as having a phytoplanktonic origin in many aquatic environments. Lauther and his co-worker (1993) studied the variation in fatty acid composition of phytoplanktonic production in ponds and they found absence of 20 and 22 PUFAs in certain period of the year. This may likely explain the non-detection of these FAs in our samples at the time of sampling. Ratio values of unsaturated and saturated FAs of various carbon numbers (e.g. 18:1/18:0) have also been used to indicate an input from fresh OM. In our samples, low values of this ratio were found ( Table 2 ), suggesting that most of the OM flux to the sediment at the time of sampling were aged (not fresh). Quantitative comparison of the FAs of phytoplanktonic origin in our study with those for other aquatic sediments is difficult due to the possibility of contribution of FAs with C20:0 and C22:0 from unspecified terrestrial OM.
Bacteial Origin of FAs
Bacteria are typical sources of odd and branched chain FAs especially the iso-and anteiso-acids, i15:0, i17:0 and a17:0 have been reported by several researchers (Harvey & Marko, 1997) . Other FAs reported to be produced by both aerobic and anaerobic bacteria are 15:0 and 17:0 (Parish et al., 2000) . The sum of these FAs has been used to estimate the bacterial contribution to riverine and estuarine systems (Harvey & Marko, 1997; Parish et al., 2000) . However, according to these authors, this bacterial marker should be used with caution because of conflicting theories concerning their usefulness. In the light of these controversies, comparison of the levels of bacterial contribution between our samples and other aquatic sediments would be difficult. Therefore, the relative levels of bacterial contribution (Σ bact. ) were determined among sampling stations in our study ( Figure  3a ). Gong and Hollander (1997) were able to trace higher contribution of bacterial FAs in sediments from anoxic depocenter than in oxic sediments from the periphery of the Santa Monica Basin. The detection in relatively low levels of iso-and anteiso-i15:0 and i17:0 types as well as the absence of β-hydroxy FA (which indicates absence www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 2, No. 4; of gram negative bacteria) most likely is a reflection of the oxic nature of the sediment and sensitivity of gram negative bacteria to photo-degradation (a consequence of increased light penetration through the shallow water column) (Michele et al., 1996) .
Our calculation of the levels of bacterial contribution was based on sum of i18:0, 15:0 i15:0 17:0, i17:0, a17:0 as well as 19:0 FAs and dicarboxylic acid (an indicator of microbial activity; Nierop, Naafs, Eglinton, 2003) . The detection of high levels 19:0 acid in some of the samples (Figure 2b ) may be a result of input from a different consortium of bacteria with different physiological structure inhabiting petroleum infested environment. This suggestion is borne out of the observation that the levels of 19:0 acids were high in samples collected near oil spills (e.g. IS8 and IS9; industrial site) where relatively high concentrations of i15:0, i17:0 and a17:0 were found. Analysis of soil OM (SOM) by Nierop et al. (2003) showed the presence of 19:0 acid reported to be derived from bacteria rather than terrestrial sources. Therefore, for this reason, stations IS8 and IS9 were found to have relatively high proportions of bacterial contribution to the river (Figure3a, b) . Our results show that ca. 14.36% of the TFAs represents a contribution from bacteria.
Terrestrial Origin of FAs
In many aquatic environments, there is interest in determining the extent of contribution from terrestrial plants.
Even numbered, saturated long-chain FAs >C24 in aquatic sediments are typically associated with an input of OM from terrestrial higher plants (Parish et al., 2001; Camacho-Ibar et al., 2003; Al-mutlaq et al., 2008) . For comparison with other aquatic sediments, the sum of C24-C39 (ΣC24-C39) concentrations of long chain FAs (LCFAs) were calculated. The values were in the range 259-2437 ng/g dw, with contribution relative to the TFAs ranging from 21.18-75.16% (mean 64.36%; Table 2 These values were more than three orders of magnitude higher than those reported for the top sections of sediment cores from the Northern Gulf of Califonia. The relatively high terrestrial contribution to the river in the present study may be due to the greater in-wash of SOM occasioned by flood episodes accompanying intense rainfall events.
Alternatively, the 18:2 ω6 and 18:3 ω3 FAs found to be elevated in most terrestrial plants may be used as terrestrial markers from an examination of terrestrial plant samples (Al-mutlaq et al., 2008) . According to these authors, an arbitrary threshold of 2.5% relative to TFAs has been assigned to these indicators. On this basis, samples with values above this may be considered to have a significant terrestrial OM contribution. Our results for these markers are in agreement, showing values >2.50% at most stations except those stations with a greater influence of petroleum residues (Table 2) , supporting a dominant terrestrial contribution to OM flux in the river. Other FAs described by Nierop et al. (2003) as being derived from suberized tissue of roots such as α,ω alkanedioic acid (αω16), 18:1Δ9 and ω-hydroxy-alkanoic acids [ω(OH)16] , were also detected in appreciable levels in our samples (Figure 2a, c) . Furthermore, in support of this terrestrial source for ω(OH)16, Goni & Hedges (1990) in their experiment on CuO oxidation of sedimentary materials from different aquatic environments (lacustrine, riverine and marine) yielded an assortment of non-lignin reaction products, among which long chain C 1 -C 18 hydroxy FA have been identified with unique structural characteristics, suggesting their origin from cutin which is present in soft tissues of vascular plants. However, the low contribution of α,ω16 compared to other terrestrial unsaturated (e.g. 18:1Δ9) and hydroxyalkanoic acids is in line with reported data for cork. In addition, the presence of this dicarboxylic acid (αω16) in our samples is somewhat remarkable as it is supposed to be a marker for oxidative degradation of unsaturated compounds (Grasset & Ambles, 1998) and thus not likely to occur in fresh roots. Although, some studies have revealed the presence of α, ω-16 in SOM, it is not always found in aquatic sediments. Due to the oxic nature of the sediments under study and the proximity of some sampling points to the shoreline, it is most likely that the compound was diagenetically formed via oxidation of the terminal ω-hydroxyalkanoic acid (a major component of the suberized tissue of root and/or non-lignin cutin derived) or the microbial metabolism of terrestrial plant detritus.
Acyclic Alcohol Distributions and Sources in Sediments
Total fatty alchol (TFAL) concentrations ranged from 286 -2229 ng/g dw (Table 3 ) about 1.5 order of magnitude higher than those recorded for surface sediment from Pulau, Tinggi, Malaysia. The FAL abundances relative to total extracts ranged between 0.1% and 5.5 (mean 1.54%) and maximized in sample IS8 obtained near an industrial/sparse vegetation cover area (zone iii). The seventeen FALs had a strong even predominance and ranged from C10 -C28, maximizing at C22 and C24 (Figure 4a, b) . The data reflect a mixture of compounds derived from aquatic and terrestrial OM. The most abundant n-FALs are long chain (LCFALs: C20-C28) accounting for 64.60% of the TFALs while the short-chain group (SCFALs: C10-C20) accounted for 35.40% (Table 3) . Individually, the two major compounds quantified are C22 and C24. C22 the former comprising 28.16% of the TFALs with a concentration ranging from 25-500 ng/g dry wt.
(mean 230 ng/g) minimising at station IS10 and maximizing at station IS5 near fish settlement/thick mangrove vegetation cover. The next most abundant compound is C24, which constitutes 14.29% of the TFALs with concentrations ranging from 35-415 ng/g dry wt.
(mean 141 ng/g) minimising at station IS2 and maximizing at station IS1 near residential area.
Terrestrial plants utilise FALs as waxes coating for prevention of desiccation and these compounds are dominated with long chain length (C 22 -C 32 ). In contrast, aquatic organisms synthesize short chain compounds with peak chain of C 14 and C 16 . Bacteria also produce FALs but these can be odd chain length and contain branches (Mudge, 2005) . Although few data are available directly on FALs in bacteria, Parkes and Taylor, (1983) suggest that the detection of anteiso C 15 compounds may be indicative of sulphate reducing bacteria. 18:1 FALs has been found in diatoms and green algae (Berge, Grougou, Dubacq, & Durand, 1995) . No iso and anteiso as well as very low levels of mono-unsaturated FALs were detected in our samples, thus reducing the likelihood of major autouchthonous OM contribution to the river.
The role of FALs as biomarkers is limited because of a lack of specificity (e.g. difficulty in discriminatimg between artificially and naturally produced FALs), making it almost impossible to identify a single natural source for each compound (Midge, 2005) . However, many studies have established that the major input of OM to the aquatic environment can still be assessed on the basis of the carbon number range. The ratio of short chain (SCFAL) to long chain (LCFAL) compounds has been used to assess the predominance of an aquatic or terrestrial contribution (Humrawali, 2009) . A value of 1 indicates an equal contribution from both aquatic and terrestrial sources. Values > 1 indicate a greater contribution from aquatic source while a value of <1 implies a greater input of terrestrial OM. In our case, the calculated values of Σ (C10 -C20)/Σ (C21-C28) were plotted for both alcohols and acids in Figure 3b and confirm the dominance of terrigenous OM input at most stations except stations IS2, IS8 and IS9 where petroleum infestation was high. The relatively high microbial input at these stations may be a result of high bacterial activity associated with petroleum pollution. Therefore, both the distribution pattern and the ratio support the high proportion of terrestrial OM input to the river.
Although SCFALs are reported to be derived predominantly from phytoplankton and zooplankton, Seguel, Mudge, (2005) assigned an unspecified terrigenous source for these compounds. In the present study, we suggest that planktons might not have been the exclusive sources of SCFALs in the river and that unspecified terrestrial material may be involved, particularly due to the proximity between some of the sampling stations and terrigenous sources. In support of this deduction, Nierop et al. (2003) reported the presence of SCFALs in Dutch coastal dune soil, derived from suberized tissue of oak root. Thus, in-wash of SOM via river currents following intense rain fall events could contribute SCFALs to the river.
It appears that detection of appreciable amounts of iso and anteiso FALs and FAs in aquatic systems requires: (i) the presence of a high abundance of C 14 -C 18 straight chain fatty compounds produced by planktons, (ii) a deeper water column that allows sufficient time for in situ bacterial metabolic synthesis of iso and anteiso compounds from these short chain (straight) compounds before particle settlement on the bottom sediment and (iii) reducing or sub-oxic condition for the sedimentary environment. Hence, the detection in relatively low levels of anteiso or iso compounds in our study area may be due to low primary productivity, oxic as well as the shallow water column. This scenario is quite different from that in other deeper and anoxic aquatic sediments such as in the Pulau Sea in Malaysia where much higher abundances of iso and anteiso FALs (>70% of the TFAL) were reported (Humrawali, 2009) . A plot of the relative concentrations of TFAs and TFALs ( Figure 5 ) shows a strong correlation coefficient (r 2 -0.869, p≥0.01). This implies that the paired variables are dominantly derived from a common source and highlights the usefulness of FALs as source indicators in addition to commonly used biomarkers such as FAs and sterols.
One of the most abundant acyclic alcohols in the environment is phytol (Jeng & Huh, 2004) , an isoprenoid alcohol derived from diagenesis of chlorophyll. Similar trend was observed in our case study (Table 3 ; Figure 4a , b). The variation in phytol levels reflects differences in primary productivity and algal growth among sampling stations (Brettum, 1994) , a consequence of the variation in nutrients influx from nearby agricultural activity. This deduction is based on the observation that among the sampling stations, stations near fish settlement where the inhabitants engage in active fishing and farming activity were found to have high abundances of phytol. However, it may also reflect the occurrence of varied input from the surrounding vegetation, as observed for the n-C20 -C28 FALs. Differentiation or dominant input between these two major sources could not be established in our samples on the basis of molecular signature only. However, a correlation between long chain fatty alcohol and phytol concentrations indicates poor relationship between these variables (r 2 = 0.02; p>0.01), suggesting a minor contribution of phytol from the surrounding vegetation. Stable carbon isotope analysis could be useful in this regard. In our case study, levels of phytol could not be used to assess primary productivity due to possible input from terrestrial plants.
Conclusions
The relatively low TOC content determined for the Imo River sediments may be due to its characteristic sheltered basin morphology dominated by an overwhelmingly high proportion of sand, apparent high energy current conditions and probable low primary productivity. Contribution from surrounding vegetation appears to dominate the distribution of FAs and FALs in the study area with the proportion of TFALs ca. 6 times higher than that for surface sediments from Pulau, Tinggi, Malaysia and the total mean FA concentration ca. 9 times lower than that reported for surface sediment from Kivu lake, East Africa rift valley. The contribution of planktons to the river, though minor, could not be estimated because of the possible influx of short chain compounds derived from an unspecified terrestrial source.
The detection in relatively low amounts of i15:0 and i17:0 as well as of a17:0 compounds may be a reflection of the oxic and shallow water column conditions as well as the low phytoplanktonic contribution that preclude metabolic conversion of C 14 -C 18 by in situ bacteria to iso and anteiso compounds. The dominance of 19:0 acid in some of the samples is associated with an input of certain population of bacteria with different physiological structure that inhabit petroleum contaminated environment. The present investigation represents the first detailed study of FA and FAL distributions, fate and their relative source implications in sediments from the Imo River.
